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Concept Outcome Reference 
In Vivo Vascularization 
Omental Implantation Vascularization of implanted scaffold and 
integration into host vasculature 
(Dvir et al., 2009) 
Subcutaneous Implantation Perfusable vasculature with a natural 
morphology and vascular sprouting. 
(Hegen et al., 2011) 
VEGF- Overexpression Over-expression of VEGF induced 
increased angiogenesis of tissue element 
implanted atop the myocardium. 
(Marsano et al., 2013) 
HUVEC Sandwiching Subcutaneous implantation of multilayer 
cardiomyocyte sheets with HUVECs 
between each layer showed micro-vessel 
formation after one week. 
(Sasagawa et al., 2010) 
 
In Vitro Vascularization 
 
Co-Culture Co-culture of cardiomyocytes, endothelial 
cells and fibroblasts showed the creation of 
a large, perfusable vascular plexus with 
native myocardial-like properties 
(Auger, Gibot, & 
Lacroix, 2013; Chen et 
al., 2010; Stevens et al., 
2009) 
Artificial Vascular Bed 
Sprouting 
Culture of cell sheets atop a collagen gel 
with microchannels showed anastomoses 
between lumens in cellular layers and 
microchannels. 
(Sakaguchi et al., 2013; 
Hidekazu Sekine et al., 




Decellularized veins and organs have been 
shown to be perfusable and capable of 
supplying nutrients to the developing 
tissue.  
(Badylak, Taylor, & 
Uygun, 2011; Ott et al., 
2008; Schaner et al., 
2004) 





PGS scaffolds were cast on a silicon master-mold. 
Once sealed, the scaffold was perfusable and able 
to be successfully endothelialized 




Sacrificial gelatin patterns were made in a PDMS 
mold and a collagen gel was cast around the gelatin 
patterns. Once melted, the gelatin was capable of 
being perfused and endothelialized 
(Golden & Tien, 2007) 
Soft 
Lithography 
Silk was patterned on a PDMS mold and attached 
to a porous scaffold. Perfusion of medium through 
the silk channels was able to keep cells in the 
porous scaffold alive 
(Wray, Tsioris, Gi, 




Machined features down to 1 µm were in silicon 
were then imprinted in a biocompatible polymer 
and endothelialized on a capillary size scale. 
(Jeffrey T. Borenstein 
et al., 2002) 
Silicon 
Imprinting 
Calcium-alginate hydrogels are molded from a 
silicon pattern. Fluorescent markers were then 
perfused to study diffusion through the hydrogel 
(Choi et al., 2007) 
3D Printing A sugar-glass vasculature was printed used as a 
sacrificial layer for gel casting. Once the gel was 
cast, the sugar-glass was sacrificed, revealing 800 
μm diameter, perfusable channels 


























































































































































































































 Ideal for loading through the side 
 Large margin of error 
 Should be able to cannulate with a 
variety of tips/needles, etc. 
 Large footprint 
 Aspect ratio is a concern 








𝑊𝑖𝑑𝑡ℎ𝑝 = 𝑊𝑖𝑑𝑡ℎ𝐷 + 𝑐
𝐷𝑝𝑎𝑟𝑒𝑛𝑡




















































































































































       















− 𝑹𝑨 = 𝟎
𝑁 = 𝑓𝑙𝑢𝑥; 𝐶 = 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛; 𝑡 = 𝑡𝑖𝑚𝑒; 𝑅 = 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛
𝐴𝑠𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝑠: 
𝑁𝑜 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡ℎ𝑒 𝑓𝑖𝑏𝑟𝑖𝑛 𝑎𝑛𝑑 𝐹𝐼𝑇𝐶 
𝑁𝑜 𝐵𝑢𝑙𝑘 𝐹𝑙𝑜𝑤 𝑜𝑓 𝐹𝐼𝑇𝐶 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑡ℎ𝑒 𝐹𝑖𝑏𝑟𝑖𝑛 
𝑁𝑜𝑛 − 𝑠𝑡𝑒𝑎𝑑𝑦 𝑠𝑡𝑎𝑡𝑒 𝑠𝑦𝑠𝑡𝑒𝑚  






























𝐶𝐴 = 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑎𝑡 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒 𝑥;
𝐶𝐴𝑆 = 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑎𝑡 𝑡ℎ𝑒 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑐ℎ𝑎𝑛𝑛𝑒𝑙;
𝐶𝐴0 = 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝐹𝐼𝑇𝐶 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑧𝑒𝑟𝑜;
𝛹 = 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑙𝑒𝑠𝑠 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑖𝑛𝑔 𝑐𝑜𝑛𝑐𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛;
𝐶𝐴 = 𝛹(𝐶𝐴𝑆 − 𝐶𝐴0) + 𝐶𝐴0































𝑧 = 0; 𝐶𝐴 = 𝐶𝐴𝑆;  𝛹 = 1
𝑧 = ∞; 𝐶𝐴 = 𝐶𝐴0;  𝛹 = 0
𝑡 = 0;  𝐶𝐴 = 𝐶𝐴0;  𝛹 = 0








𝐴𝑡 𝑡 = 60 [𝑠𝑒𝑐] 𝑎𝑛𝑑 𝑧 = 0.01 [𝑐𝑚]
𝐶𝐴 = 4.667 [𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦]
𝐶𝐴0 = 3.0 [𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦]






























]  𝒂𝒕 𝒕 = 𝟔𝟎[𝒔𝒆𝒄]; 𝒙 = 𝟎. 𝟎𝟏[𝒄𝒎]

























































































































Given the chart above, the exposure energy required to achieve the desired thickness is 215-240 
mJ/cm2. The exposure energy can be converted to exposure time via the following equation:  
𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑖𝑚𝑒 =


















Fibrin  Mold 
Branch Length  Branch Length 
1 506.329  1 485.366 
2 407.595  2 390.244 
2 389.873  2 400.61 
3 291.139  3 300 
3 286.076  3 292.683 
3 286.076  3 295.122 
3 278.481  3 302.439 
4 189.873  4 202.439 
4 179.747  4 197.561 
4 182.278  4 202.439 
4 179.747  4 202.439 
4 182.278  4 202.439 
4 174.684  4 204.878 
4 182.278  4 204.878 
4 174.684  4 185.366 
